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Description 

The present invention relates to a programmable 
element for a semiconductor IC (Integrated circuit) 
chip. 5 

An element ufilzing the eiecbiceJ breakdown of 
an insulating layer thereof for staring information has 
been proposed- That it, e conduction established in 
the Insulating layer by electrical breakdown is assig- 
ned to either logical B 1 a or "0" in binary notation. Such 10 
a programmable dement was first disclosed by one of 
the co-Inventors of the present invention end is des- 
cribed in the Japanese Patent No. 1195815 of March 
iZ 1984. Other subsequent patent applications relat- 
ing to programmable elements of this type have been 16 
filed, including a Japanese patent application 
published under No. 60-74668, Aprl 26, 1985, dis- 
closing the structure and fabrication processes of a 
PROM (programmable read only memory) and a 
mask ROM, and a United States patent application 20 
hied September 2, 1988, cSsdoeirtg a structure of a 
PROM and a write operation for protecting non-eeleo- 
ted memory ceOs torn erroneous write-In. A com- 
prehensive presentation of the pro gramm able 
element was given at the 1985 I EDM OntemationaJ 25 
Electron Device Meeting), Washington, DC„ under 
the title of "A NEW PROGRAMMABLE CELL UTILIZ- 
ING INSULAR BREAKDOWN" by the co-inventors. 

The programmable element which b hereinafter 
named BIO (Breakdown of Insulator for Conduction) so 
cell, has a structure comprising an insulating layer for- 
med between a couple of electrode layers. Typical 
applications of BIC eel include memory cells for a 
PROM {programmable read only memory) and 
switching means for a redundancy circuit (a row or 35 
column of a memory cell array) in a RAM (random 
access memory). In e PROM, for example, each of 
BIC ceils is formed on e semiconductor substrate so 
as to be associated with a corresponding one of 
arrayed transistors or diodes famed In the substrate, 40 
and thus, constitutes a memory cell disposed in a mat- 
rix arrangement The memory cell is programmed 
when the Insulating layer of the BiC cell is broken 
down by a voltage appl led thereto. In this memory cell , 
the BIC cefl can be formed dVectiy on the associated 46 
transistor or diode In the manner that the impurity dif- 
fusion layer for the drain or coiector of the transistor, 
for instance, is used as one of the electrodes of the 
BIC cefl. This means that a BIC cefl can have e struc- 
ture stacked on each MIS FET, constituting a memory so 
cefl together, and nertce, does not require a particular 
chip area therefor in contrast with prior art programm- 
able elements such as fuses or PN June jons used in 
a conventional PROM. Hence, en Increase In the 
packing density of the PROM can be acnieved by 66 
using BIC cete. 

The BIC cefl Is designed so es to have a program- 
ming voltage, Le. breakdown voltage of the insulating 



layer, which is in a predetermined voltage range. That 
is, the upper limit of the breakdown voltage must be 
lower than that of ouwcurufte*ements,typk^,the 
PN Junction formed by the aforesaid NT impurity dfffu- 
aion layer and the P-fype substrata, for example. The 
tawer Bmft of the breakdown voltage inust be higher 
ften the normal operating voltage, the readout volt- 
age of a memory eel, for example, In order to avoid 
erroneous programming of non-selected memory 
ceils during the read operation. Accordingly, the 
breakdown voltage of the sisulating layer is to be in 
the range from 10 to 20 volts, in general 

The insulating layer of prior art BIC cells is farmed 
by oxkHzing a doped-poiysilicon layer. The above- 
mentioned Japanese patent discloses that a eilcon- 
oxide layer formed tram a dc^ed-poryslicon layer 
implanted with arsenic atoms to a doss of about 
1x1 (Wcm 2 exhibits e breakdown voltage of 30 to 
about SO volts for a thickness of 120nm 

However, the breakdown voltage of a sflicon- 
oxlde Insulating layer formed by oxidizing such ado- 
ped-potysfllcon layer is relatively high as 25 volts and 
distributes with a range as broad as ± 7 volts. Further, 
the resistance of the BIC cells thus fabricated has a 
relatively high value ranging between 1 kohms and 1 0 
kohrns. This high resistance is provided by the polys!- 
Dcon layer which ads as a resistor after the write oper- 
ation. The high resistance Inevitably results (n a tow 
apeed In the read operation of memory ceils each 
comprising a p r og ramm e d BIC cell. 

On the other hand, a silicon-oxide layerformed by 
thermally oxidizing e wngje-crystaJ-eDteon substrate 
cannot be used for a BIC cefl, es briefly discussed 
below. The electric held threshold for the intrinsic 
breakdown of elicon dioxide (SKy such as silica is 
approximately 10 MvTcm. Therefore, it seems that a 
programming voltage of 10 to 15 volts in the BiC cell 
could easily be achieved by creating a sQkttrt-dtodde 
layer having a thickness of 10 to 15 nm. However, 
there is a mode of breakdown which is considered to 
be due to s certain type of lattice defect in the sDicon- 
oxide layer, and lower breakdown thresholds dis- 
tributing around 3 MV/cm are revealed. This means 
that BIC cells In a non-selected memory cell should 
erroneously be programmed by a low voltage, such as 
5 volts, applied to the eUcorKocide layer during the 
readout operation, for example. 

It Is, therefore, en object of the present invention 
to provide a programmable element or BIC ceD which 
can be stably programmed by e predetermined write- 
in voltage. 

It to another object of the present Invention to pro- 
vide a BIC cell having an improved insulating layer. 

According to the Invention, these and other 
objects are reached by a programmable element com- 
prising : a lower electrode layer formed on a sub- 
strate ; an Insulsting layer composed of at least two 
dielectric material flms, for example e reistrvety thin 
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slicoiHfioxIde ffim and a relatively thick sJDcon-nftrtoe 
fBm, the dielectric material fibns being successively 
formed on the tower electrode layer; and an upper 
electrode layer formed on the insulating layer, the 
upper electrode being separated from the lower eieo- $ 
trade by the Insulating layer, audi that the programm- 
able element it provided wfth a conduction path 
between the lower and upper electrodes when a vott- 
age capable of causing an electrical breakdown in the 
Insulating layer Is applied between the lower and 10 
upper electrodes. 

Further objects, features and advantages of the 
present Invention wfl become more apparent from the 
following description made wfth reference to the 
accompanying drawings wherein i 16 
Fig. 1 is a cross-section iustrating a fundamental 
configuration of a prior art BIC ceil ; 
Rg. 2 is a cross section llustrating another con- 
figuration of a prior art BIC cefl ; 
Fig. 3 to a croae-eection llustrating a BIC cell 20 
comprising an N» region which is commonly 
shared wfth a MIS FET formed together on a sub- 
strate ; 

Fig. 4 Is a cross-eection schematically illustrating 

a conduction path formed In foe insulating layer of 28 

a programmed BIC cell ; 

Figs. 6 and 6 are equivalent drcufts respectively 

corresponding to a BIC eel before programming 

and after programming ; 

Figs. 7A to 7G are crose-sections llustrating a x 
method for fabricating a BIC cell according to an 
embodiment of the present invention ; and 
Fig. 8 is a cross-section llustrating a BIC cell 
according to another embodiment of the present 
invention, 3$ 
Fig. 1 to a cross-section llustrating a fundamental 
configuration of a prior art BIC cefl comprising a lower 
electrode 1 formed on a substrate 2 such as a silicon 
IC chip. An insulating layer 3 Is formed as shown fin 
Fig. 1 so aa to electrically Isolate the electrode 1 from 40 
the substrate 2. Another insulating layer 4 Is formed 
to cover electrode 1. The Insulating layer 4 is e aBicon- 
dioodde layer formed by oxidizing the electrode 1 
which to made of a pdysltoon layer, for example. An 
upper electrode 5 is formed as shown in Fig. 1 so as 45 
to overlap the lower electrode 1 with the Intervention 
of the insulating layer 4. The upper electrode 6 can be 
made of a conventional electrode material such as 
aluminum (AT), molybdenum (Mo) or platinum (Pt). 

If a BIC cell is selected to be programmed, e volt- so 
age large enough to cause en electrical breakdown of 
the insulating layer 4 is applied between the elec- 
trodes 1 and 5, hence a conduction path connecting 
the electrodes to formed in the Insulating layer 4. As 
already mentioned, If the poryslicon layer constituting a 
the electrode 1 to doped with arsenic atoms by an ion 
implantation, for example, to a concentration up to 
1xl0"/cm*, a slicon-dioxide Isyer 4 having a thick- 



ness of about 120 nm can be programmed with the 
application of a vortoge of 30 to 50 volts. 

Fig. 2 to a cr on s e ction llustrating another con- 
figuration of a prior art BIC cell, wfth a lower electrode 
formed by an STtpurtty diffusion layer 6 euch aa an 
region formed in a P-type-elicon substrate 7. In this 
case, an ktauiathg layer 9 having a contact hole 6 to 
expose the K* region 6 therethrough to formed on the 
substrate 7. Another Insulating layer 10 to formed to 
cover the region 6. The insulating layer 10 may be a 
afilcon-dtodde layer of a thermatiy-cxidlzed-poiysBl- 
con layer (not shown) formed on the region 6, aa dto- 
dosed in the above-mentioned Japanese patent 
Na1 195615 and patent application Na60-74689. An 
upper electrode 11 of aluminium, for example, to for- 
med on the Insulating layer 1 0. 

The impurity diffusion region 6 as shown In Fig. 2 
may be an N* (orP*) region of a diode ora drain region 
of a MIS FET (metal Insulator semiconductor field 
effect transistor) formed In s semiconductor sub- 
strate. Fig. 3 is a cross^ection llustrating such a BIC 
eel comprising an N* region cemmonfy shared with a 
MIS FET, the BIC cefl and the MIS FET being formed 
together on a s emicond u ctor substrate for constitut- 
ing a memory cell. Referring to Fig. 3, the BiC cefl 
comprises an N+ region 12 formed in a semiconductor 
substrata 13, an insulating layer 14 formed on the reg- 
ion 12 and an upper electrode 15 formed on the 
insulating layer 14, and thus, has a config ura tion 
essentially aimflar to the one of the BIC cefl cf Fig. Z 
The N* region 12 also constitutes the drafn region of 
a MIS FET comprising an N* source region 16 and a 
gate electrode 17. Thus, the U* region 12 to commonly 
shared by the BIC ceQ end the MIS FET. In Fig. 3, 
reference numerals 18, 19 arid 2D respectively desig- 
nate a field axWe layer, an Insulting layer and a source 
electrode, It to obvious from Fig. 3 that there to no 
need for any Incremental chip area for the BIC cefl 
sharing the region 12 with the FET. Thus, the BIC 
eels can be formed on the semiconductor substrate 
wthout decreasing the packing density of the FETa. 

The BIC cell Is p r o gra mmed when a vortage pulse 
to applied between the lower electrode and the upper 
electrode so as to cause a breakdown in the Insulating 
layer trterebetween. Thus, a conduction path 21 com- 
posed of the upper electrode of aluminum, for 
example, to established between the electrodes, as 
shown In Fig. 4. Uke re f ere nc e numerals designate 
lice or corresponding parts In Figs. 3 and 4. Figs. 5 
and 8 are equivalent circuit! respectively correspond- 
ing Id a BIC cell before programming and after prop)* 
ramming. Before pfo gr amin ing , the insulating layer 22 
of a BIC cefl to non-conductive, aa shown in Fig. 5. 
While, once e breakdown to caused therein, the oircuft 
of Fig. 5 changes to a conductive state represented 
by a resistance R, aa shown In Fig. 8. rf the non-con- 
ductive state to assigned to logical "0" and the con- 
ductive state to logical 1 \ the insulating layer of s BIC 
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cell to be p ro gramme d as logical 1' is broken down 
by a voltage pulse. 

When a plurality of such ceDa am disposed In X 
and Y directions to as to form a matrix arrangement, 
the cells which are programmed store logical T data 
and non-programmed cells store logical IT data, thus 
forming a programmable read only memory (PROM). 
The data are read out by applying a read out voltage 
to each of the ceOs and detecting a current flowing 
through each ceJL Ceils each having a detected cur- 
rent flowing therethrough are defined as to be In logi- 
cal "1" atata and cells having no detected current are 
defined as to be in logical TT state. 

A B1C eaO as shown In Fig. 2 can be used as a 
switching means for a redundant clrcul In a semicon- 
ductor integrated circuit. When a memory cell array of 
an integrated semiconductor memory device Includes 
a defective memory ceil, the array can be replaced by 
an equivalent redundant memory cell array provided 
In the memory device. Referring to a BiC ceil as 
shown In Rg. 2, if the N» region 6 has been Internally 
connected to a redundant memory eel array and the 
upper electrode 1 1 1s connected to a read/write circuit, 
the redundant memory cefl array can be activated by 
causing a breakdown In the insulating layer 10. 

Figs. 7A to 76 are cross-sections illustrating the 
various steps in the process of fabricating a BIC ceB 
according to the Invention. The present invention BIC 
cell has a structure as shown In Fig. 7G, wherein the 
insulating layer 31 comprises a first dielectric Urn 32 
and a second dielectric him 33. That is, in an embo- 
diment according to the present invention, a double- 
layer-structured insulating layer is provided between 
e lower electrode 34, which is an N* region formed In 
a semiconductor substrate 35, for example, and an 
upper electrode 36. The first dielectric film 32 and the 
second dielectric film 33 are respectively formed from 
different dielectric materials : the first dielectric ma- 
terial film 32 is composed of silicon nitride (SI3N4) and 
the second dielectric material film 33 Is composed of 
slicon dioxide (SiOJ, for example, in Rg. 7G, the 
reference 37 designates an insulating layer com- 
posed of a PS6 (phosopho-sBicate glass), for 
example. The PSG layer 37 Is formed to cover the 
substrate 35 and has an opening therethrough to exp- 
ose the N* region 34. 

In the above, a P-type well formed in an N-type- 
slteon substrate may be substituted for the substrate 
35. As In s prior art BIC cell, the BIC cell according to 
the Invention as shown In Fig. 76, is programmed by 
applying a voltage pulse between the electrodes 34 
and 36 so as to cause a breakdown in the Insulating 
layer 31. 

The fabrication steps of the BIC cell shown In Fig. 
70 wfll now be described. Referring to Fig. 7A. a sli- 
con-cfioxide (SIOJ layer 38 having a thickness of 
about 20 nm, for example, Is formed on a P-type 
single crystal silicon substrate 35 by oxidizing the sub- 



state atabout 95CTC. Areaistrnaakla^(not shown) 
Is formed on the substrate 35 and patterned to expcee 
a predeterm i ned region of the subatrata 35. Then, 
arsenic ton knpiantation is performed In the substrate 

8 by using the resist mask layer. Thus, arsenic atoms 
(As) are selectively implanted In the substrata 35, as 
schematicefy represented by a dotted line 39 in Fig. 
7B* Exemplary conditions for the Ae ion knpiantatJon 
Include Ion energy of 100KeV and dosage of4x10« 

10 ions/cm 2 for the As ion*. 

The resist mask layer (not shown) and the 8J0j 
layer 38 are removed and another SJOj layer (not 
shown) having a thickness of about 20 nm Is formed 
on the subduals 35 by using a conventional oxidation 

18 atabout05D^Then t aPSGkayer37he^ab^ 
nesa of about 1 micron la formed on substrate 35 by 
using a conventional CVD (chemical vapor depoetan) 
method, for example, as shown In Fig. 7C The PSG 
layer 37 Is selectively removed to form a contact hole 

so 40 to expose the Aa ion implanted region 39, as 
shown In Fig. 7P, by using a co n v entio nal dry etching 
method. The substrate 35 is, then, h e at ed in an Inert 
atmosphere such aa ntrogen gaa (NJ for about tan 
minutes at 1050* so as to provide the step at the 

25 periphery of the contact hole 40 with a gent le slope* 
The implanted Aa atoms 39 are activated to form an 
H* region In the P-type substrate 35 during me above 
thermal process. 

A SfcNU fim 32 having a thiefcnoes In the range 

so between 5 and 20 nm Is formed on the substrate 35 
and patterned to cover the contact hole 40 as shown 
In Fig. 7E, and then, e 8i0 2 fim 33 having a thickness 
in the range between OS and 10 nm la fanned on the 
SfeN* film 32, aa shown In Fig. 7F. Preferably, the sQI- 

39 con naride fBm 32 has a thickness larger by a factor 
In the range of 1 to 40 than that of the sflkaxKfoooe 
layer 33. The SO* fBm 33 may be provided by oxidi- 
zing the surface of the Sy^ film 32. Following the 
above, a layer of a conducting material such as a 

40 metal or a metal eDoy including aluminium, molyb- 
denum or platinum, Is formed on the substrate 35 by 
using a conventional thin fim technology, sputtering, 
for example, and patterned to provide a wiring layer 
36. Thus, a BIC cell In accordance with the embodi- 

49 msnt shown in Flg.7G is fabricated. Aa in prtorartBIC 
eels, the Impurity diffusion region 34 may constitute 
a drain region of a MIS FET formed in the substrata 
35. 

Fig. B shows another embodiment of a BIC eel 
80 according to the Invention, wherein the SOj fim 33 is 
formed prior to the patterning of theSI»hU«m32and 
patterned together with the SljN* fBm 32. Each of BIC 
ceils shown In Fig. 76 and Ftg. 8 reveals desirably low 
programmirig-voitage characteristics and ON-state 
a resistance in the programmed state. The program- 
ming voltage, Le. the breakdown voltage of the 
insulating layer 31, Is aa low as 18 volts compered 
with 25 volta of the prior art BIC cell ea shown in Figs, 
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2 or 3 with a narrow distribution such as ± 1 volt In con- 
trast to a broad distribution auoh aa ± 7 vote in the 
prior art B1C calls. The resistance of the insulating 
layer 31 of the programmed BICceO is as tow as 600 
ohms compared with 1 kohms to 10kohrne In the prior 6 
artBIC cells. 

As a variant the insulating layer 31 of the BIC coil 
according to the Invention may comprise an upper 
dielectric ffim 33 of SI3N4 and a lower dielectric film 32 
of SO2 Instead of the upper SiOj film 33 and the lower 10 
8I1K4 flm 32 of Rg. 7G, or may have a triple-layer 
structure consisting of upper and tower SO2 ffims and 
an Intermediate S^M* flm, for example- In this last 
case, the upper sflicon-dtoxWe flm may be formed by 
partially oxydizing the intermediate slicon-nttride flm. 15 

The reason why a low and stable programming 
voltage b achieved In the present invention BIC eels 
having a composite las listing layer as described 
above is not elucidated yet This may posatory be due 
to the low leak current characteristic of the SfOjfUm 20 
and the leas concentration of local field in the S^N* 
ffim. That is, a SO2 ffim has a high resistrvfty before It 
Is electrically broken down. On the other hand, a S bN* 
ffim reveals a relatively large leak current flowing 
therethrough. The leak current In the SI^N, ffim is con- 25 
sidered to be carried through traps existing In the 
SI3N4 ffim and serves to reduce the concentration of 
local field to be estabfished due to the lattice defects 
in the flm. Accordingly, such a breakdown at a low 
field strength as caused in a thin SIGj ffim as men- so 
tioned before is not usualy revealed in SijN* ffims. 
However, the leak current In a SI3N4 flm has so large 
a value as to causa an erroneous operation In a circuit 
comprising a number of BIC cells ff the insulating layer 
consists only of a S^Ni ffim. 35 

A BIC cell of the present invention comprises a 
relatively thick Si,N4 ffim and a relatrvely thin SK>j firm, 
wherein the relatively thick S^N* film withstands the 
operating voltage untfl the write-in voltage is applied 
thereto, and the relatively thin StOj ffim prevents the m 
leak current to flow through the BIC cell. Accordingly, 
It is obvious that the composite insulating layer of the 
present Invention BIC cell is not limited to the combi- 
nation such aa SKVSIM and SKVSyVSIQj but 
any different insulating films having properties for 48 
exerting the same effects as those ofSIOj and SfeN, 
films, respectively, can be exmployed to be substi- 
tuted therefor. 



Claims 

1. A program ma We element for a semiconductor 
integrated circuit chip, comprising a lower electrode 
layer (34) formed on a substrate (35) ; a first Insulating as 
layer (31) formed on the lower electrode layer ; and an 
upper electrode layer (36) formed on the first Insulat- 
ing layer, the upper electrode being separated from 



the lower electrode by the first insulating layer, 
whereby the programmable element is provided with 
a conduction path between the lower and upper elec- 
trodes when a voltage capable of causing an electri- 
cal breakdown In the first insulating layer is applied 
between the lower and upper electrodes, 
characterized In that said first insulating layer (31) is 
composed of at least two time (32,33) of dielectric 
materials, successively formed on said tower elec- 
trode layer (34), said dielectric material flma having 
respective specific dielectric constants different from 
each other. 

2. A programmable element according to daim 1, 
wherein one of said dielectric ffims is a silicon-nitride 
ffim (32). 

3. A programmable dement according to any one 
of dafrns 1 and 2, wherein one of said dielectric films 
lsasfllcon^l03ddefllm(33). 

4. A programmable element according to any one 
of claims 1 to 3, wherein said first insulating layer 
comprises a relatively thin s3torwilaxJoe flm (33) 
and a relatively thick sBicorwiltride flm (32). 

5. A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
ffims b s ssTce*w*rfde film (32) having a thickness in 
a range from 5 ran to 20 nm. 

8. A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
flma is a sfiicorwfioxide ffim (33) having a thickness 
In a range from OS nm to 1 0 nm. 

7. A programmable element according to any one 
of the preceding claims, wherein said substrata (35) 
is a semiconductor substrate having a conductivity 
type and said lower electrode (34) b an impurity dif- 
fusion layer formed in said semiconductor substrate, 
said impurity daTusJon layer having a conductMtytype 
opposite to that of said semiconductor substrate, and 
said programmable element further comprises a sec- 
ond insulating layer (37) formed on said semiconduc- 
tor substrate, said second insulating layer having a 
contact hole selectively formed therein to expose said 
impurity diffusion layer (34), said first Insulating layer 
(31) being formed on said contact hole so as to cover 
said exposed impurity diffusion layer and said con- 
duction path b established between said Impurity dif- 
fusion layer (34) and said upper electrode (38) by 
applying a voltage therebetween. 

& A programmable element according to claim 7, 
wherein said second insulating layer (37) la com- 
posed of a phospho-elicate glass, 

9. A programmable element according to any one 
of claims 7 and 8, wherein said Impurity diffusion layer 
(34) constitutes a drain region of a MIS FET (metaJ- 
insulator-semiconductor field-efTect-translstor) for- 
med in said semiconductor substrate. 

10. A programmable element according to any 
one of the preceding claims, wherein said first Insulat- 
ing layer (31) Includes a sfOcon-nitride ffim (32) and a 
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sHcorwfloxida flm (33), said allicon-nttrtoe flm (32) 
having a thickness larger by a factorin the range from 
1 to 40 than that of said slicon-dloxide flm (33). 

11. A programmable element according to any 
one of the pre ceding claims, wherein said first Insulat- 
ing layer (31) comprises an underlying affioon-olride 
flm (32) and an overlying Uborntoxide film (33). 

12. A proyr an unable element according to dakn 
11, wherein said overlying altecTKtodde film (33) la 
formed by parbeJry oxidizing said underlying sllcon- 
nftride layer (32). 

13. A programmable element according to any 
one of daims 1 to 10, wherein said first insulating 
layer c omp ri ses an underlying allcon-dioxjde flm and 
an overlying sSicorwirtride flm. 

14. A programmable element as set forth in dalm 

13, wherein said first insulating layer further com- 
prises another sH con-oxide flm formed on said over- 
lying sBtaorwiftride film. 

15. A programmable element as set forth In deim 

14, wherein said another •Dfcon-cxloe film on said sli- 
con-nftride film Is formed by partially oxidizing said 
aficorKirtrfde fibTu 

16. A programmable element according to any 
one of the preceding daims, wherein said upper elec- 
trode (38) is composed of a metal or metal alloy, 
including aluminium, molybdenum or platinum. 



Anspruche 

1. Proojarnmierbares BementfOr eln integrates 
HaJbleftsrschaitungschip, mit einer unteren Bektro- 
denschicht (34), die auf elnem Substrat (35) gsbfidet 
1st ; einer ersten isolierenden Schlcht (31), die auf der 
unteren Elektrodenschicht gebfldet 1st; und einer 
oberen Bektrodenschicht (36), dfe suf der ersten tao- 
lierenden Schlcht gebfldet 1st, welche obere Bektrode 
von der unteren Bektrode durch die erste bdierende 
Schicht getrennt 1st, wodurch das proormmierbare 
Dement mit einem Leftungsweg zwischen den unte- 
ren und oberen Bektroden versehen 1st, wenn elne 
Spannung, die einen eiektrlschen Durchbruch in der 
ersten isoiierenden Schicht zu verursachen fehig 1st, 
zwischen den unteren und oberen Bektroden aufge- 
bracht wird, 

dadurch gekennzeichnet daS die erste isoiierende 
Schicht (31) aua wenigBtens zwei Rtmen (32, 33) aus 
dielektrischen MateriaJien zusammengeseM tst, die 
sukzessiv auf der genannten unteren Bektrode (34) 
gebfldet alnd, welche Fime aus disisktnschem Mate- 
rial Jewells spezJRsche dieiektrtsche Konstanten 
haben, die voneinander verschieden sind. 

2. Programmlerbares Berne nt nach Anspruch 1, 
bei dem einer der genannten dtdextrtschen Flme ein 
Sflitiumnttrktfirn (32) 1st 

3. Programmlerbares Berne nt nach elnem der 
Anspruche 1 und 2, bei dem einer der genannten 



disJeUrfcchen Flme eh SDciurrxSadolbn (33) 1st 

4. Piogiarrniieibajes Bement nach einem der 
Anspruche 1 bis 3, bei dem die genanrae arete iaotie- 
rende Schicht einen reiauV dunnen Sffldumdkuddflm 

6 (33) und einen reiauV dteken 8lkdunmartdfwn (32) 
umfafit 

5. Prograrnmiarbarea Bement nach einem der 
vorhergehenden Anspruche, bei dam einer der 
genannten dielektrischen FBme ein 8flctarnnlridflni 

10 (32)istdereirnDkdcBlmBerek±von6rffnbiB20nrn 
hat 

6. Progjammierbaree Bement nach einem der 
vorhergehenden Anspruche. bei dam einer der 
germnrWdWektrlschen Flme ein Slidurrrfbxktftrn 

is (33)lstderelnettckelmBereichvorn 
nm hat 

7. Pi ograrnmierbaree Bement nach einem der 
vorhergehenden Anspruche, bei dem das genannta 
Substrat (35) ein HsJbieitereubstrat 1st daa einen Left- 

20 «Wgkeitstyp net und de genannta untars Bektrode 
(34) sine Verunreinig^gad^ffuskxvscrecht to, die h 
dem genannten Halbleftersubatrat gebldet ist die 
genannta Vcnjnreir^ngsdHnjstorjsscr^ einen 
LeOTh(gkettstyp entgegengesetzt zu Janem dee 

26 genannten Halbiettersubstrats hat und das genannta 
pro gj amm ierb are Element femer sine zwafte iaofie- 
rende Schlcht (37) umfe&t die auf dem genannten 
HalUeftarsubstrat gebldet 1st welche zweite iaoBe- 
rende Schicht ein Konlaktioch hat daa eeJekfiv darln 

90 gebldet 1st urn die genannta Veruraeinlgurtgsdtfru- 
stonaschicht (34) zu exponieren, die genannta erste 
Isofierende Schicht (31) auf dem genannten Kontakt- 
ioch gebfidet ist urn so die genannta exp o nterte Ver- 
unrelnigungsdiffusions8ch!cht zu bedeckan, und der 

36 genannta Leftungsweg zwischen der genannten Ver- 
urirelntgungsdlffuslonsscrrlcm (34) und der genann- 
ten oberen Bektrode (38) durch Aufbringen einer 
Spannung dazwischen hergeateilt wind. 

8. Progrartvnlerbares Bement nach Anspruch 7, 
40 bei dem die genannta zweite isoiierende Schicht (37) 

aus einem PhosphorslBcatglas besteht 

9. Prograrnrnierbares Bement nach einem der 
AnsprOche 7 und 8. bei dem da genannta Verunrel- 
nigungsdifhjsionsachlcht (34) einen Drainbereich 

4$ einea MIS^ET-(MetaiMsdata4M)ieitBr-Feidefrek^ 
transistors) bidet, der In dem genannten HaJbieaer- 
aubatrat gebiidet ist 

10. Prograrnrnierbares Bement nach einem der 
vorhergehenden AnsprOche, bei dem die genannta 

60 Isoiierende Schlcht (31) einen SIkAimnibldfBm (32) 
und einen SOIdumdioxfdfltm (33) urnfafit der 
genannta SlkrfumnitrWfBrn (32) eine Dicke hat, oleum 
einen Faktor im Bereich von 1 bis 40 grfl&er da jene 
dee genannten Sflich*ndGxldfflrne (33) ist 

K 11. Programmlerbares Bement nach einem der 
vorhergehenden AnsprOche, bei dem die genarmto 
erste isoiierende Schicht (31) einen unten liege nden 
SilWumnitridfirm (32) und einen oben llegenden Sll- 
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dumdkaddBm (33) umfe&L 

12. Programmierbaree Bement nach Anspruch 
11, bet dem der genannte oben llegende SOiciumdto- 
xidfilm (33) durch teBwebes Oxklieren der genannten 
unten liegenden SQkaurnnltridschfcht (32) gebldet IsL $ 

13. Programmierbares Element nach einem der 
Artapruche 1 bit 10, be) dem die genannte ersta iso- 
lierende Schicht einen unten liegenden Sffidumdio- 
xktfilm und einen oben liegenden 

) SUidumrtitridfflm^mfaOi 10 

14. ProgrammJerbaras Element nach Anspruch 

13, bel dem die genannte erste IsoJlerende Schicht 
femer einen anderen Slldumoxidfim umfeBt, der auf 
dem genannten oben liegenden SDicumnltridfBm 
gebBdetiat « 

15. Programmierbarea Bement nach Anspruch 

14, be! dem der genannte and em SDtdumoxidfHm auf 
dem genannten Sirckmnttridflm durch teSweises 
Oxldieren dea genannten Siidumnttridflms gebldet 

tot 20 

16. Pi ugiam mierbarea Element nach einem der 
vorhergehenden AnaprGche, bel dem die genannte 
obere Elektrode (36) aua einem Metafl oder dner 
Metallegierung einschBeHTich Aluminium, Mofybdan 
oder PiaUngebUdet 1st 25 



Revendlcatlone 

1. Bement programmable pour puce a circuit x 
Integra aemfconducteur, comprenant una couche 
d'electrode Inferieure (34) formee aur un aubatrat 
(35) ; una premiere couche teoiante (31) formee aur la 
couche d'electrode irrferteure ; et una couche d'elec- 
trode aupeneure (36) formee aur la premiere couche 35 
teoiante, reiectrode aupeneure etant separee de 
I' electrode inferieure par la premiere couche teoiante, 
si bien que Moment programmable est dote d'un tra- 
Jet de conduction antra lea electrodes irrfeneure et 
aupeneure lorsqiAine tension susceptible de prove- 40 
quer una rupture eiectrique dans la premiere couche 
isotarrte est appiiquee entre les electrodes superieure 
et InferieuiBt 

caractenae en ce que lad'rte premiere couche teoiante 
(31 ) eat constitute d'au moJns deux peBicules (32, 33) 46 
de matertaux dielectrlques, qui aont 8ucceaslvement 
formees aur ladita couche d'electrode inferieure (34), 
leadltas peillcules de materiaux dWectriques ayant 
das constant es dielectriquea speciTiques qui aont res- 
pecuvement differentes rune de I'eutre. » 

Z Bement programmable serf on Is revendication 
1, ou rune desdites petlioies dieiectriques eat una 
pelHcule de nitrure de allckim (32). 

3. Bement programmable seion Tune quetaon- 
que dea revendlcations 1 et2, ou I'une desdites pel- 66 
Kcuies dWectrlques est une peliicule de dioxyde de 
sflidum(33). 

4. Bement programmable salon Tune queteon- 



que dea revendlcations 1 a 3, ou ladtte premiere cou- 
che teoiante oomprend une peliicule de dioxyde de 
sifcksn relativement mince (33) et une pellicula de 
nttrure de sfikdum reiatrvement epaiaae (32). 

5. Element programmable salon Tune queicon- 
que dea revendlcations pracedentas, ou I'une desdl- 
tea pefiJculee dMIecbiquee est une peliicule de nitrure 
de sikArm (32) possadant une epaisseur comprise 
dana nntervale de 5 nm a 20 nm. 

6. Bement pro gramma ble salon Tune qualoon- 
que dea revendicationa pracedentas, ou rune desdi- 
tes pelDcuias dleiectriquea est une peliicule da. 
dioxyde de sQIdum (33) ayant une epaisseur 
comprise dens I'lntervale de 0,5 nm a 10 nm. 

7. Bement programmable salon I'une quelcon- 
que des revendlcations precedentee, ou led it eubetrat 
(35) est un substrat aernJconductaur possedant un 
certain type de oonductMta et ladtte electrode Infe- 
rleure (34) eat une couche de dHbslontflmpureta for- 
mee dans ledtt substrat semiconductor, tadta 
couche de diffusion dTmpurett ayant un type de 
conductivity oppos e a ceiui dudft substrat semJcon- 
ducteur, et ledtt element programrnabie comprend en 
outre una deuxleme couche Isoiante (37) formee aur 
tecfit aubatrat aernJconductaur, ladle deuxleme cou- 
che isoiante possedant un trou de contact selecbVe- 
ment forme dans celle-d de facon a axposer IsdRe 
couche de diffusion d*impurete (34), ladita premiere 
couche Isoiante (31) etant formee aur ledft trou de 
contact de facon a couvnr ladita couche de dHuslon 
cfimpureta expose© et I edit trajet de conduction est 
etabli entre ladtte couche de diffusion dTmpurat* (34) 
et ladita electrode aupeneure (36) par application 
d*une tension entre ceflea-cL 

8. Element progra mm able salon la revendication 
7, ou laoTte deuxieme couche Isoiante (37) est cone- 
tftuee par un verre de phosphosflicate. 

9. Bement programmable seion I'une queicon* 
que des revendteations 7 et 8, ou ladita couche de dif- 
fusion fmpurete (34) constftue la region de drain 
d'un FET MIS (transistor a effet de champ metaWso- 
lant-samiconducteur) forme dans led It substrat aemi- 
conducteur. 

10. Element programmable salon rune quelcorv 
que dea revandicabona precedentee, ou ladita pre- 
miere couche isoiante (31) comporta une peJUcuie de 
nitrure de sBidum (32) et une peliicule de dioxyde de 
slfcajm (33), kadite peliicule de nitrure de elidum (32) 
ayant une epaisseur plus grande, d'un facte ur 
compris entre 1 et 40, que ceDe de lad to peliicule de 
dioxyde de sBidum (33). 

11. Element programmable eel on rune queJcon- 
que des revendicationa precedentee, oo ladita pre- 
miere couche isoiante (31 ) comprend une peliicule de 
nitrure de sflictum sltuee au-deasoua (32) et une pel- 
iicule de dioxyde de slidum sftuee au-dessue (33). 

12. Element programmable selon la revendica- 
tion 11, ou ladita peliicule de dioxyde de alldum 
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aftuee au-dassus (33) estformee par oxydation par- 
tieHe da ladite petale de nhrure da allcium aituee 
au-deaaous (32). 

13. Element programmable salon I'une quelcon- 

que dearavendkaitlorta 1 a 10. ou ladlta premier* cou- s 
die teoiante comprand una pellicula da dtoxyda da 
altehim aftuee au-deaaous at una pellicula da nltrura 
da afidum sltuee au-deesua. 

14. Bement programmable aeten ta revendlca- 

tton 13, oil ladite premiere oouche bolante comprand 10 
an outre una autre peltate d'oxyde de aOlcium for- 
mee aur ladite paiiicuie da nhrura da ailcium aituee 
au-dataut. 

15. Bement programmable eeJon ta revendica- 

Bon 14, oft ladite autre pelltoute d'oxyde da effldumee is 
treuvant aur ladlta patllcula da nhrura da ailcium eat 
fdrmee par oxydation partiefla da ladite pellicula da 
nkrura da aflkium. 

16. Bamant programmable salon rune queJcon- 

que das ravandicaltons precedentas, ou ladlta 4*&> 20 
trade euperieure (36) eat constitute rfun metai ou 
d*un aillage da matai, oompranant ralurrdnlum, la 
mdybdene ou la piatine. 
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FIG. 7 A 
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